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Abstract 
This study examined the effects of music and 
metronomic beat on heart rate (HR). ratings of perceived 
exertion (RPE). and physical endurance in healthy females 
ages 18 to 30. Volunteers were screened via a health 
questionnaire and the Astrand Work Test on a Monark bicycle 
ergometer. yielding a predicted aerobic working capacity 
(V02) of 28 mililiters or more. The 30 subjects were then 
randomly assigned to one of two experimental conditions 
(music or metronome group) for a cycling test at 75% 
capacity. HR and Borg RPE were measured repeatedly, with a 
posttest measure of physical endurance (kilometers 
travelled). No significant differences were found between 
the groups in HR. RPE. or kilometers travelled. 
A music questionnaire administered to the music group 
following the posttest examined the subjects' preference 
for and familiarity with the music, perceived and preferred 
volume, and experience with music. Trends and suggestions 
for future research are discussed. 
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Review of Literature 
The basic elements of music include rhythm, melody, 
and harmony. According to Gaston (1968), rhythm is the 
most fundamental element, acting as the organizer and the 
energizer. Rhythm is defined as "movement with a regular 
repetition of a beat, accent, rise and fall, or the like" 
(Barnhart. 1966). Likewise, as chief energizer it is the 
primary driving factor (Gaston. 1968). Altshuler (1948) 
supports the latter by stating that rhythm has a strong 
appeal at the instinctual and primitive level. Rhythm is 
also stressed as a primary factor in determining the kind 
of physiological and/or emotional effect produced (Hughes. 
1948) . Tempo in music describes the "rate of movement, 
usually indicated by reference to the metronome." It is 
also described as a "characteristic rate, rhythm, or 
pattern of work or activity" (Flexner & Hauck. 1987). 
Rhythm and tempo are interrelated terms. For 
clarification, rhythm will refer to recurring patterns of 
beats within a basic beat or tempo. 
Several theories describe the motor system as a 
timekeeper which anticipates required movements (Shaffer, 
1982). Similarly, the tactus (or regularly recurring basic 
pulse) is designated as providing a sense of motion and 
direction (Barela. 1979). 
Regarding synchronization. Hughes (1948) states: 
"The simplest and most basic effect of a 
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rhythm is to synchronize movements. There is 
evidence which appears to show that an effect of 
rhythm is to center attention on itself rather 
than on the effort of moving to the rhythm." p. 
164 
Anshel and Maris! (1978) found that physical endurance 
was enhanced when movement was rhythmically coordinated 
(synchronised) with a musical stimulus. In a study by 
Azrin. Jones, and Flye (1968). ongoing behavior tended to 
become synchronized with an ongoing stimulus rhythm. In 
this "synchronization effect", the beat seemed to "pull" 
the behavior into phase with the beat. Azrin et al. (196B) 
contended that natural high frequency behaviors, such as 
persons dancing and marching, have a tendency to be 
"carried along" by the rhythm. 
Hughes (1948) further describes two important effects 
of rhythm: 1) it centers one's attention on the music so 
t^e self is forgotten, and 2) it creates within the 
listener an emotional response appropriate to the mood of 
the music. The influence of music during exercise can be 
better understood in Lundin's (1985) description. He 
states that music which is strongly vigorous and rhytnmic 
has a greater tendency to increase physiological processes 
than other kinds of compositions. Furthermore. Alvin 
(1966) explains that the patterns of musical rhythms ^nd 
sequences are closely allied to certain physical functions 
a correlation between musical and innate bodily rhythm. 
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Still further. Altshuler (1948) describes the "thalamic 
reflex" which is an observed physical response to music 
such as foot-tapping, body swaying, or head nodding. 
Studies involving a bicycle ergometer and ratings of 
perceived exertion (Borg. Ljunggren. & Ceci. 1985: Dernello. 
Cureton, Boineau. & Singh. 1987: Ljunggren. Ceci. & 
Karlsson, 1987) show that an increase in perceived exertion 
is related to an increase in both heart rate and blood 
lactate levels. Studies by Borg et al. (1985) and 
Ljunggren et al. (1987) also show that an increase in 
perceived exertion is associated with an increase in the 
perception of aches and pain. Although heart rate and 
blood lactate may continue to increase with exertion, the 
sensation of pain and perceived exertion of the individual 
may be decreased by the influence of music. 
Purpose and Hypotheses 
Several conclusions may be drawn from the preceding 
discussion: 1) rhythm, the most fundamental element in 
music, is considered a driving force: 2) there is a strong 
tendency to synchronize physical movement to a rhythmic 
beat: and 3) the listener tends to center his/her attention 
on the music. Studies have successfully used the bicycle 
ergometer as a controlled and reliable measure of physica 
performance (Anshel & Marisi. 1978; Borg et al.. 
Coast. Cox. & Welch. 1986; Demello et al.. 1987; Ljunggren 
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et al.. 1987; Peres. Vandewalle, & Havette. 1987). 
Therefore, this study will investigate the influence of 
musical rhythm and tempo on heart rate, perceived exertion, 
and exercise endurance through the use of a bicycle 
ergometer. 
Musical tempo may serve the purpose of keeping the 
bicycle pedal speed constant, while music itself may 
motivate the listener to perform with greater endurance. 
Hence, the purpose of this study is to examine the effects 
of 1) music synchronized with exercise and 2) metronome 
(metronomic beats) synchronized with exercise on heart 
rate, ratings of perceived exertion, and physical endurance 
in healthy women ages 18 to 30 years. The following 
hypotheses have been posed: 
Hoi- There will be no statistically significant 
difference in heart rate of subjects between the two 
experimental conditions of music and metronome. 
Hi- There will be a statistically significant 
difference in heart rate of subjects between the two 
experimental conditions of music and metronome. 
Hc2- There will be no statistically significant 
difference in ratings of perceived exertion of subjects 
between the two experimental conditions of music 
metronome. 
Ha— There will be a statistically signifjcaI^ 
difference in ratings of perceived exertion of fibjec 
between the two experimental conditions of music 
metronome. 
H03— There will be no statistically significant 
difference in distance travelled of subjects be w 
two experimental conditions of music and metronome. 
6 
H3- There will be a statistically significant 
difference in distance travelled of subjects between the 
two experimental conditions of music and metronome. 
Methodology 
Studies have involved the use of a bicycle ergometer 
and a metronome to keep pedal speed at a desired rate in 
short cycling bouts (Peres et a 1., 1987; Coast et a 1.. 
1986). Optimal pedalling rates in prolonged bouts of 20 to 
30 minutes have also been determined for competitive 
cyclers at 60 to 80 revolutions per minute (rpm) (Coast et 
al., 1986). Following initial screening with a health 
Questionnaire (Appendix B), the study examined the 
performance of subjects (Ss) in "two separate testings. 
Part I involved a fitness test which functioned as an 
additional screening process. In Part II. Ss were exposed 
to either the music or the metronomic beat condition while 
cycling at a workload setting (Wx) of 75% capacity to reach 
a heart rate cut-off (HR0) of 170 beats per minute (b/m). 
A pilot study with three female volunteers was implemented 
following study procedures to set WK at 75%. a level where 
Ss could cycle for at least 15 minutes without exceeding 
the HRc. 
Subjects: 
Following the administration of a health questionnaire 
(to rule out health risks) (Appendix B) and fitness testing 
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(Part I), female volunteers ages 18 to 30 were randomly 
assigned to one of the two experimental conditions. Ss 
were given informed consent forms (Appendix A) to complete 
prior to participating in the study. Total number of Ss 
equalled 30. with 15 Ss randomly assigned to each 
condition. There were eight potential Ss who did not pass 
the fitness testing in Part I. and an additional three Ss 
who could not perform in an experimental condition (Part 
II) due to illness. 
Apparatus: 
For the purposes of this study, a standard Monark 
bicycle ergometer was employed for both fitness testing and 
experimental conditions. An electronic metronome set at 
100 b/m kept pedal speeds at 50 rpm during fitness testing. 
For each experimental condition, a Walkman cassette tape 
recorder was used with dual headphones worn by both the 5 
and the experimenter. Heart rate (HR) was monitored using 
battery operated finger plethysmographs placed on the index 
fingers of both hands for reliability. Visual cues for 
tempo, workload setting, and HR feedback were concealed. A 
large fan was directed on 5s from the front, used only upon 
request. 
Experimental Variables: 
tnH.n.nri.nt variables included current tape recorded 
popular music with lyrics, and tempos at approximately 120 
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b/m for a pedal rate of 60 rpm: and continuous metronomic 
beats recorded at 120 b/m. The music selected (Appendix K) 
was chosen for its rhythmic and driving beat as well as for 
the designated tempo. 
Dependent variables included the Borg Ratings of 
Perceived Exertion Scale (Appendix F). heart rate, and 
distance travelled in kilometers. Music preference, 
familiarity, volume, preferred volume if exercising with 
music on one's own. and musical training experience were 
dependent variables asked of music group participants with 
a music questionnaire (Appendix G) to further examine the 
effects of music. 
Design: 
The study employed a two-sample, independent group 
design using repeated dependent measurements of HR and RPE 
throughout each experimental condition and a posttest 
measure of distance travelled in kilometers (km). For the 
music condition, a posttest music questionnaire examined 
dependent music-related variables. Throughout the study. 
X* refers to music and X* refers to metronomic beats. 
Procedure; 
Subjects were given informed consent forms (Appendix 
A) which explained study procedures. Subjects were then 
screened via a health questionnaire for health risk factors 
to obtain a healthy female population between the ages of 
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18 and 30 years. If a potential S had two or more 
cardiovascular health risk factors (Health Questionnaire. 
Appendix B) she was eliminated from further participation 
in the study. Subjects also gave self-reported activity 
levels, i.e.. frequency of weekly participation in aerobic 
exercise. Activity level was rated as 1) one meaning 
rarely or not at all; 2) "two" meaning once or twice 
weekly; 3) "three" meaning three or four times a week: and 
41 "four" meaning five or more times a week. For all cycle 
testings, Ss were instructed to wear loose fitting clothing 
that allowed the skin to breathe, e.g., t-shirt. gym 
shorts, and athletic shoes. Seated-resting HR was recorded 
prior to mounting the cycle. After adjusting the seat 
height so the extended leg was slightly bent at the knee, 
instructions were read to each S as follows; 
"I'd like you to keep pace with the beat of the 
metronome as you pedal. These clips vour^heart 
plethysmographs) will be constantly monitoring y 
rate You need to keep your hands relaxed or it won t 
record well, so please avoid putting excess °n the 
handlebars or squeezing them. The entire . j 
should not last more than 15 to 20 m:mutes. If y ^ 
you need to stop, please feel free to. I stay 
stop pedalling for a five minute recovery while you stay 
seated on the cycle." 
Ss were then tested for fitness (Part I) with the 
Astrand Work Test (Astrand. 1965) using an electonic 
metronome set at 100 b/m for a pedal speed of 50 rpm. 
Desired pedal speed was maintained by metronome feedback 
and encouragement from the experimenter. Pedal speed was 
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monitered visually by the experimenter and recorded every 
minute. Heart rate was also recorded every minute to 
detect a steady HR within five or six minutes at each given 
workload setting. Heart rate was also recorded each minute 
through the end of a five minute recovery period. The HR 
recorded at the fifth minute of recovery was used as the 
recovered HR measure. Only the initial workload setting 
(Wi) was used in determining fitness levels. However. Ss 
were tested at higher workloads if their HR did not exceed 
150 b/m at a given workload. For all cycle testings {Part 
I and Part II), testing ceased when HR reached 170 b/m. if 
the S quit voluntarily, or if overt fatigue signs (labored 
breathing, facial grimaces, exaggerated upper-body 
movement) appeared. Refer to Appendix C to determine an 
appropriate Wi for fitness testing (Part I). 
A predicted aerobic working capacity (VOa) in 
mililiters of oxygen per kilogram of body weight (ml 02/kg) 
was calculated using steady state HR. Wi„ age. and body 
weight in kilograms (refer to Appendixes D. H. and I).. If 
the calculated VOa was less than 28 ml Oa/kg. a l°w fitness 
rating when compared to a norm (Appendix J). the 5 was not 
asked to participate in Part II (experimental phase) of the 
study. Those participants whose VOa was 28 ml 03/kg or 
greater were given a relatively equal workload setting <«*) 
at 75% capacity in order to attain a predetermined heart 
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rate cut-off (HR<,) of 170 b/m. The Wx value, to be used In 
part II, was decreased by 20% to allow for a 20% increase 
In pedal speed used in Xi and Xa. Pedal rates were set at 
50 rpra for fitness testing (Part I) in accord with Astrand 
(1965) and 60 rpm for each taped condition (Part II) for a 
more optimal pedalling rate (Coast et al., 1906). 
After at least three days had passed since fitness 
testing, Ss returned for participation in an experimental 
condition. The following instructions were read to Ss 
prior to testing: 
Xi: "When the tape begins, pedal to the beat of the music. 
It is important to keep with the beat even while the 
tension on the pedals is adjusted. We will be 
monitoring your heart rate and perceived exertion 
frequently. For perceived exertion, choose the number 
that best describes how hard you exercised up to the 
moment. Continue to pedal until you feel fatigued or 
uncomfortable, or are asked to stop. The testing can 
last up to 30 minutes." 
X3: "When the tape begins, pedal to the beat you hear. It 
is important to keep with the beat even while tr'e 
tension on the pedals is adjusted. We will he 
monitoring your heart rate and perceived exe^°"mber 
frequently. For perceived exertion, choose the number 
that best describes how hard you exercised up to the 
moment. Continue to pedal until you feel ^igued^or 
uncomfortable, or are asked to stop. The testing 
last up to 30 minutes." 
Tape recorded music or metronomic beats heard over 
headphones and encouragement from the experimenter 
maintained the desired tempo of 120 b/m (60 rpm). Heart 
rates were recorded every minute until the end of a five 
minute recovery period. Ratings of perceived exertion 
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recorded every third minute for the first 15 minutes, then 
every minute until the cycling concluded. Kilometers 
travelled were recorded from the odornetric reading on the 
cycle at the end of each test. Music group participants 
were given a music questionnaire (Appendix G) following the 
five minute recovery period. 
Results 
A t-test for independent groups was used to determine 
homogeneity of variances between the two experimental 
groups in resting and recovery HR. and V02 as measured in 
Part I. There was no significant difference between the 
experimental groups in resting heart rate (HRc). recovered 
heart rate (HR*-) . and V03 as shown in Tables 1. 2, and 3. 
Insert Tables 1. 2. and 3 about here 
Further analyses revealed no significant differences 
in age (Xa. M - 21.13. SD - 2.95: X2 M - 21.73. SD - 3.90) 
and weight (X± M- 59.47. SD - 5.26: X2 M « 58.53. SD -
9.01). There was a higher level of activity in the music 
group as shown in Table 4. Chi-square analysis {Table 4) 
reveals a statistically significant difference in activity 
level {Xs m 9.20. p - .03) between the two conditions. 
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Insert Table 4 about here 
A t-test for Independent groups was computed to 
determine the differences in HR between the two 
experimental conditions (Hypotheses H0± and Hi). Tables 5. 
6. and 7 show the results of the analyses for maximum heart 
rate (HRm). final heart rate (HRr) and change in heart rate 
(HRon)• Both HRm and HRr measures were slightly higher 
under the music condition, and the HRcn showed a greater 
increase under this same condition. However, these values 
were not statistically significant. Thus, the statistical 
decision was to accept Null Hypothesis 1. 
Insert Tables 5, 6, and 7 about here 
Null Hypothesis 2 stated that there would be no 
statistically significant difference in RPE between the two 
experimental conditions. Data for this appears in Tables 8 
and 9. Both maximum RPE (RPEm) and final RPE (RPE*) tended 
to be higher in the metronome condition, but not to a 
statistically significant degree (RPEm V • 93.50; RPR* t/-
100.00; P > .05). The statistical decision was to accept 
Null Hypothesis 2. 
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Insert Tables 8 and 9 about here 
The third hypothesis looked at physical endurance in 
the form of distance travelled in kilometers, the null 
stating there would be no statistically significant 
difference between the two experimental conditions. Means 
revealed a slightly greater distance travelled in the music 
group, but the difference was not statistically 
significant: t(28) - .90. p > .05 (see Table 10). The 
statistical decision was to accept Null Hypothesis 3. 
Insert Table 10 about here 
Discussion 
This study examined the effects of music and 
metronomic beat on heart rate, ratings of perceived 
exertion, and physical endurance prior to a heart rate cut­
off. With respect to both conditions, heart rates tended 
to be higher in the music group, with a greater increase in 
heart rate change (from resting heart rate to maximum hear 
rate). However, these differences did not reach 
statistical significance. It is interesting to note that 
ratings of perceived exertion (RPE) tended to be higher in 
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the metronome condition, although not to a statistically 
significant degree. Music condition participants also 
travelled a greater distance than those in the metronome 
condition, which lends support to the musical effect of 
centering one's attention on the music so that the self is 
forgotten (Hughes. 1948). Differences in distance 
travelled were not statistically significant, however. 
Fitness testing in Part I of the study revealed a 
homocreneous sample between the experimental groups with 
regard to heart rate, predicted aerobic working capacity, 
age and weight. However, activity level, or the self-
reported frequency of weekly participation in aerobic 
exercise, was significantly higher for the music group 
compared to the metronome group. 
Data from the Music Questionnaire (see Appendix G) 
provided information from 5s who participated in the music 
condition regarding the music and their experiences with 
music and exercising. These measures (using Likert-type 
scales from 1 to 10) included 1) how well they liked the 
musical selection. 2) how familiar the musical selection 
was. 3) the volume of the music. 4) whether or not they 
exercise to music. 5) the volume of music preferred if the 
participant exercises to music, and 6) whether or not the 
participant had any formal musical training. The majori y 
of 5s liked the selection of music (M - 8.40). Nearly all 
1 6  
participants were familiar with the choices (M - 9.20. The 
perceived, volume of the music was at a moderate level -
6.27). Preferred volume (M m 7.08) was also rated as 
moderate for the 12 (80%) subjects in the music condition 
who do exercise to music. Of the 15 Ss in the music 
condition, 11 (73%) Ss have had formal musical training. 
These music-related variables were gathered to observe if 
the music was suitable for the activity, i.e.. the 
pro1onged eye1ing bout. 
Subjects frequently made comments in expectation of 
music such as "Do I get to hear music now?", or expressing 
enjoyment of the music, "I just love this", or "The music 
helped; it was distracting." Many Ss in the metronome 
condition expressed displeasure, e.g.. "It was boring . or 
"How much longer?" There was also a higher incidence of 
complaints from fatigue, aches, and pains during the 
metronome condition. This trend lends support to the 
notion of music as a distractor. hence forgetting the self 
(Hughes. 1948). This trend may. however, be related to the 
lower level of self-reported participation in aerobic 
activity by the metronome group. 
Although there were no statistically significant 
differences between the conditions in heart rate, perceive 
exertion and distance travelled, trends of lower PPT and 
greater distance travelled within the music group were 
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encouraging. Vigorous music increases physiological 
responses (Lundin. 19851 as evidenced by greater heart 
rates in the music condition. In this case perceived 
exertion was unchanged statistically, but was numerically 
lower in the music condition. Although music is related to 
an increase in physiological responses, the psychological 
effect as observed in lower RPE tendencies may result in 
areater performance with music than in the absence of 
music. 
Considering the results of this research project, 
significant differences may have been achieved if the 
sample size were larger. Alternative methods of keeping 
rpms constant and accurately monitored would have reduced 
the incidence of fluctuating pedal speeds and resultant 
fluctuations in HR. Future studies involving music and 
exercise may wish to examine 1) familiar music vs. 
unfamiliar music. 2) music with lyrics vs. music without 
lyrics, 3) cycling to voluntary exhaustion using a higher 
workload setting. 4) influences of music in other exercise 
settings, e.g.. a group aerobic class, and 5) music as a 
morale builder in competitive team sports. 
IB 
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T a b l e  1  
Means. Standard Deviations. and t-Values of Resting Heart 
Rate for Music (Xi) and Metronome (Xa)  Groups 
Group n ^ ^ 
X j .  1 5  7 7 . 6 0  1 4 . 3 0  2 8  - . 1 8  > . 0 5  
X 3  1 5  7 8 . 6 0  1 5 . 3 7  
22 
T a b l e  2  
Means, Standard Deviations. and t—Faiues o/ Recovered Heart 
Rate for Music and Metronome Groups 
Group n M SB df t  P— 
X x  1 5  1 0 0 . 1 3  1 1 . 9 3  2 6  . 8 7  > . 0 5  
X 3  1 5  9 6 . 5 3  1 0 . 6 5  
Table 3 
Means, Standard Deviations, and t-Values of Predicted 
Aerobic Capacity (VOs) for Music and Metronome Groups 
group n M SD df t g 
Xi 15 38.40 6.02 28 .73 >.05 
X2  15 36.93 4.86 
24 
Table 4 
Means. Standard Deviations, and Chi-Square Values of 
Activity Level for Music and Metronome Groups 
Group n M SD df Xs P 
Xx 15 2.73 .68 3 9.20 .03 
X3 15 1.90 1.04 
"statistically significant 
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T a b l e  5  
Means. Standard Deviations. and t—Values of Maximum Heart 
Rate for Music and Metronome Groups 
Group n M SD df t P 
X l  1 5  1 5 0 . 0 7  1 0 . 2 4  2 8  1 . 2 8  > . 0 5  
X 3  1 5  1 4 5 . 1 3  1 0 . 8 5  
26 
T a b l e  6  
Means, Standard Deviations. and t — I/alues of Final Heart 
Rate for Music and Metronome Groups 
Group n M. df — — 
X i  1 5  1 4 7 . 4 7  1 2 . 1 5  2 8  1 . 0 5  > •  
X a  1 5  1 4 3 . 2 0  1 0 . 0 1  
27 
Table 7 
Means. Standard Deviations. and t-Values of Change in Heart 
Rate for Music and Metronome Groups 
Group n M_ CD df t P.— 
Xx  15 72.47 19.49 26 .82 >.05 
X2  15 66.53 20.27 
28 
Table 8 
Means. Standard Deviations. and U-Values of Maximum Ratings 
of Perceived Exertion for Music and Metronome Croups 
Group M SB U P -
Xi 14.60 2.92 93.50 >.05 
Xa 15.73 2.12 
29 
Table 9 
Means, Standard Deviations, and U-Values of Final Ratings 
of Perceived Exertion for Music and Metronome Groups 
Group M SD U. P 
Xl 14.27 3.26 100.00 >.05 
X2 15.23 2.51 
30 
Table 10 
Means. Standard Deviations, and t-Values of Distance 
Travelled m Kilometers for Music and Metronome Groups 
Group Q M SD df t g 
Xl 15 11.31 1.17 28 .90 >.05 
Xa 15 10.83 1.71 
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Participant Informed Consent 
1. Explanation: You will be involved in a study sponsored 
by the UOP Music Therapy Department which tests your 
performance on a bicycle ergometer in 2 parts. The goal of 
the study is to determine ideal conditions for a person to 
exercise most effectively. 
Part I involves a Fitness Test which will begin at a 
workload you can easily accomplish. This workload will 
gradually increase based on your fitness level. We may 
stop the test due to signs of fatigue or YOU MAY STOP if 
you feel fatigued or uncomfortable. 
Part II involves working at a pre-set workload based 
on the Fitness Test in Part I. Again, we may stop the test 
when signs of fatigue appear or you may choose to stop from 
personal feelings of fatigue or discomfort. In both Parts 
I and II. we will be monitoring your heart rate and blood 
pressure. You will also be asked to answer some questions 
about general interests and exercise habits. 
As with any physical activity, there are risks 
involved such as abnormal blood pressure, fainting, 
irregular heart beat, and (rarely) heart attack. Every 
effort is made to reduce health risks, and there is access 
to an emergency telephone if qualified help is needed. All 
information gathered will be used for the sole purpose 
this study and will be kept confidential. 
2. Benefits: The results of the exercise testing 
increase your awareness of your abilities and Ration ' 
You will know how physically fit you are when compared to 
the norm. 
3. Questions: If you still have questions about the testing 
procedures or any doubts about getting involved, please asK 
for further explanation. 
4. Freedom of Consent: Your permission lS 
voluntary. You are free to deny^ 
I have read this form and I understand the test 
procedures that I will perform. I will «n®"e»tionnaireI 
of my ability the questions on the jjjy 
understand my involvement in this study MAY CEA 
TIME if I wish to withdraw consent. My involve)n*rticiDate 
also be terminated if I am at risk. I agree to participate 
in this study. 
E^ti Participant's Signature Phone 
Cheryl Louie (experimenter) =+v,i*fie shoes 




Name Age Weight Date 
How frequently do you participate in aerobic 
activities, that is. continuous, rhythmic and vigorous 
activities? 
examples: jogging, swimming, cycling, rowing, aerobic 
dance 
Not at all 
Rarely (less than once a week) 
Once or twice a week 
Three or four times a week 
Five or more times a week 
Do you exercise on a bicycle? yes no If yes, how 
often? 
rarely sometimes usually &lwoys__ 
Do any of the following cardiovascular health risk 
factors apply? (check those that apply) 
smoking if Yes' amount?. 
high blood pressure 
high cholesterol 
diabetes „ .. 
chest pain if Yes• describe:. 
Do you have any other health condition that may 
increase the risk of participation to you? yes no 
If yes, please explain: _ — 
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Procedures for Part I: Fitness Test (Astrand Work Test) and 
Part II: Exercise Test with and Experimental Conditions 
1. Weigh subject with clothing used during test for 
gross weight. 
2. Have S sit in chair for a few minutes and complete 
Fitness Test questions. 
3. Take resting heart rate (HRoi) and resting blood 
pressure (BPoi) with electronic BP cuff. Record scores. 
4. Seat S on cycle # 2 and adjust seat so knee is slightly 
bent in the down-positioned leg. Record seat setting used. 
5. Take resting HRoa and BP02 while seated on cycle and 
record, using electronic BP cuff. Adjust handlebars to a 
comfortable setting and place finger plethysmographs on 
both index fingers. 
6. Determine initial workload (Wx) for steps 6 and 7: 
(sizes are approximate) 
small- 1151b/52kg or less W-t-300 KPM-1.0 kp 
and/or 
activity— rarely/never exercise (once or less weeKiy^ 
average- 125-145lb/57-66kg Wi-450 KPM-1.5 kp 
activity- moderate exercise 
large- 1551b/70kg or more Wx-600 KPM-2.0 kp 
and/or ^ 
activity-frequent exercise (five or more times weekly) 
7. Read the following instructions: 
"I'd like you to keep pace with the beat or t 
metronome as you pedal. These clips (refer o in 
fingers) will be constantly monitoring your hea * 
You need to keep your hands relaxed or it 
well, so please ovoid putting excess pressure onthe 
handlebars or squeezing them. The entire fitne 
should not last more than 15 to 20 ̂ nut«sw*f to 
you need to stop, please feel free to. I wi11 ask you to 
stop pedalling for a five minute recovery 
seated on the cycle." 
8. Have S warm-up for 2 minutes at 50 rpm 10 
100) with workload set 150 KPM below W. RecordHR last 
seconds of each minute, recording the number 
37 
corresponds between both plethysmographs. If neither are 
fluctuating but they don't show the exact reading, average 
the score. If one is fluctuating and one is steady, record 
the p1ethysmograph which is steady and remind the S to keep 
her hands relaxed. RPM and workload setting are monitored 
every minute with a check mark for accurate readings, a 
plus if too fast or high, and a minus if too slow or low. 
9. WORK TEST: increase by 150 KPM to Wi. 
10 5 will cycle for 6 minutes at each workload (3 maximum, 
each increasing by 150 KPM). Record HR during last 10 
seconds of each minute. If HR does not exceed 130. 
increase to next workload. If HR exceeds 150 at the en o 
a workload, do not proceed to the next one. CEASE TESTING 
IF HR EXCEEDS 170 or if overt fatigue signs appear (labored 
breathing, facial grimaces, exaggerated upper-body 
movement). Ask. "Can you continue for a few more minutes. 
when fatigue signs appear. 
11. 5 remains on cycle for 5 minutes recovery time. Record 
HR and BP immediately. Then record HR each minute 
thereafter. 
Part II: Exercise Test 
1. Have 5 sit in chair and answer brief questions for 
Exercise Test. Record resting HRox and BPoi as befor . 
2. Repeat steps 3 through 5 as performed previously, taking 
care to use the same cycle and seat setting. 
3. Place headphones on S. (with appropriate tape for Xi or 
Xz). Set odometer to "Zero". Read instructions to 5 as 
below before starting the tape. 
Xi• "When the tape begins, pedal to the beat of the music. 
It is important to keep with the beat even while the 
tension on the pedals is adjusted. We will be 
monitoring your heart rate and Percei^**e££e number 
frequently. For perceived exertion. 
that best describes how hard you exercise P d or 
moment. Continue to pedal until you £fel . .-
uncomfortable, or are asked to stop. The testing can 
last up to 30 minutes." 
2: "When the tape begins, pedal to the beat you is important to keep with the beat even while the 
tension on the pedals is adjusted. We will be 
It 
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monitoring your heart rate and perceived exertion 
frequently. For perceived exertion, choose the number 
that best describes how hard you exercised up to the 
moment. Continue to pedal until you feel fatigued or 
uncomfortable, or are asked to stop. The testing can 
last up to 30 minutes." 
4. S pedals at 150 KPM below W* for a 2 minute 
recording HR each minute, then increase workload by 150 KPM 
to Wx. Record HR every minute and RPE every 3 minutes for 
the next 15 minutes. RPE will be r«ct°rded every 
thereafter. THE TEST WILL CEASE WHEN S ACHIEVES! HR OF 
170. WHEN OVERT FATIGUE SIGNS APPEAR. OR 5 VOLUNTARILY 
STOPS. 
5 When testing ceases, record Ss HR and BP immediately, 
then HR each minute of the 5 minute recovery period. 
Record odometer reading. 
6, Have X* Ss answer the Music Questionnaire. 
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Part I: Fitness Test Data 
Date Time Rra Temp Subj Seat stg Wj. 
Name. Age Weight lbs kg 
Time since last meal Size of meal if less than 3 hr 
Time since last strenuous workout Describe workout if 
within 12 hours . 
resting HRoi. _BPo, HRo: BP 02. Recovery Period 

































Predicted VO? MAX (Tables 1.2. & 3) 
_ Steady HR at KPM- 1/min Oa 
_Age ftr x 1/min Oa- l/min02° 
1/minOa0 at kgvt- ml 02/kg° 
Steady HR 









1/min Oa° x .75 -

















Time Sub j Temp. 
Size of meal if 
workout 
Cond Seat 
less than 3 
Describe workout if 
hr 
resting HRoi BP 








HR 'RPE BP rem 
W, 
** Stop test if 
HR reaches 170 
-or-
if Subject quits 
from fatigue 
-or-
if overt fatigue 
signs appear 
Final Readings . 
Max Exertion Readings 
Recovery Period 






































~G.A.V. Bora RPE Scale 
"How would you rate 
yourself?" 
7 very, very light 
8 
9 very 1 ight 
10 
11 fairly light 
12 




17 very hard 
18 






Bora Ratings of Perceived Exertion Scale 
6 
7 very, very light 
8 








17 very hard 
18 




Answer questions one through three, and five by 
circling the appropriate number on a scale of one to ten. 
1. How did you like the selection of music? 
Dislike Like 
1  2 3 4 5 6 7 8 9  1 0  
2. How familiar was the overall selection? 
Unfamiliar Familiar 
1 2 3 4 5 6 7 8 9  1 0  
3. How loud was the music? 
soft moderate loud 
1 2 3 4 5 6 7 8 9  1 0  
4. Do you exercise to music? yes no 
5. If yes to the above, how loud do you prefer the music? 
soft moderate loud 
1 2 34 5 6 7 8 9 10 





Calculation of Maximal Oxvoen Uptake from Pulse Rete and 
Exercise Load on a Bicvcle Eraoneter 
Heart. Maximal 0 2 Uptake 1/min HR 
Rate 3C0 450 600 750 900 (KPM) 300 450 600 750 
120 2.6 3.4 4.1 4.8 149 1.6 2.1 2.6 3.0 
121 2.5 3.3 4.0 4.8 150 2.0 2.5 3.0 
122 2.5 3.2 3.9 4.7 151. 2.0 2.5 3.0 
123 2.4 3.1 3.9 4.6 152 2.0 2.5 2.9 
124 2.4 3.1 3.8 4.5 153 2.0 2.4 2.9 
125 2.3 3.0 3.7 4.4 154 1.5 2.0 2.4 2.8 
126 2.3 3.0 3.6 4.3 155 1.9 2.4 2.8 
127 2.2 2.9 3.5 4.2 156 1.9 2.3 2.8 
128 2.2 2.8 3.5 4.2 4.8 157 1.9 2.3 2.7 
129 2.2 2.8 3.4 4.1 4.8 158 1.8 2.3 2.7 
130 2.1 2.7 3.4 4.0 4.7 159 1.8 2.2 2.7 
131 2.1 2.7 3.4 4.0 4.6 160 1.8 2.2 2.6 
132 2.0 2.7 3.3 3.9 4.5 161 1.8 2.2 2.6 
133 2.0 2.6 3.2 3.8 4.4 162 1.4 1.8 2.2 2.6 
134 2.0 2.6 3.2 3.8 4.4 163 1.7 2.2 2.6 
135 2.0 2.6 3.1 3.7 4.3 164 1.7 2.1 2.5 
136 1.9 2.5 3.1 3.6 4.2 165 1.7 2.1 2.5 
137 1.9 2.5 3.0 3.6 4.2 166 1.3 1.7 2.1 2.5 
138 1.8 2.4 3.0 3.5 4.1 167 1.6 2.1 2.4 
139 1.8 2.4 2.9 3.5 4.0 168 1.6 2.0 2.4 
140 1.8 2.4 2.8 3.4 4.0 169 1.6 2.0 2.4 
141 1.8 2.3 2.8 3.4 3.9 170 1.6 2.0 2.4 
142 1.7 2.3 2.8 3.3 3.9 
143 1.7 2.2 2.7 3.3 3.8 
144 1.7 2.2 2.7 3.2 3.8 
145 1.6 2.2 2.7 3.2. 3.7 
146 1.6 2.2 2.6 3.2 3.7 
147 1.6 2.1 2.6 3.1 3.6 
143 1.6 2.1 2.6 3.1 3.6 
Workloads at HR of 170 
640 
2.1 KPM 1 0a 
260 300 340 380 










2.2 2.3 2.4 






22 1 - 03 
23 1.02 
24 1-01 
Note. From Astrand Acts Fhvsiolocics 
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Appendix I  
Table for Maximum Oxvaren Uptake 
Vt Kg 1.4 1.5 1.6 1.7 1.8 1.9 2.1 
42 32 34 36 38 40 42 
43 31 33 35 37 39 41 
44 31 33 35 37 39 41 
45 30 32 34 36 38 40 
46 30 32 34 36 38 40 
47 29 31 33 35 37 39 
48 29 31 33 35 37 39 
49 28 30 32 34 36 38 
50 28 30 32 34 36 38 42 
51 27 29 31 33 35 37 41 
52 27 29 31 33 35 37 40 
53 26 28 30 32 34 36 40 
54 26 28 30 31 33 35 39 
55 25 27 29 31 33 35 38 
56 25 27 29 30 32 34 38 
57 24 26 28 30 32 33 37 
58 26 28 29 31 33 36 
59 25 27 29 31 32 36 
60 25 27 28 30 32 35 
61 25 26 28 30 31 34 
62 24 26 27 29 31 34 
63 24 25 27 29 30 33 
64 23 25 27 28 30 33 
65 23 25 26 28 29 32 
66 23 24 26 27 29 32 
67 22 24 25 27 28 31 
68 22 24 25 26 28 31 
69 22 23 25 26 28 30 
70 21 23 24 26 27 30 
71 21 23 24 25 27 30 
72 21 22 24 25 26 29 
73 21 22 23 25 26 29 
74 20 22 23 24 26 28 
75 20 21 23 24 25 28 



































































































































Column on the far left in kilograms of body weight. Top 
-ow in liters of 0= per kilogram. Table values in 
tii 1 i 1 i ters -
Note. From Astrand (1965). 
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Norms for Maximal Oxygen Consumption 
Age Low Fair Average Good High 
20-29 28 29-34 35-43 44-48 49+ 
30-39 27 28-33 34-41 42-47 48+ 
In milil i ters of 03  per kilogram of body weight.  Ages 18 
and 19 were given an approximate norm comparison. 
Note. From Astrand A c t a  P h y s i o l o g i c a S c a n d i n a v i c a  49 






Hearts on Fire 
Rhythm is Gonna Get You 
Jacob's Ladder 
Love Wi11 Save the Day 
Land of Confusion 
I Do You 
Rocket 2-U 
Sendin" All My Love 
Shine 




Miami Sound Machine 
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